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Summary 
  This study aims to provide an integrated interpretation of evidence from previous 
studies that reveals the impact of information disclosure by firms on investment 
efficiency by adopting a meta–analysis approach. Using the correlation coefficients of 
primary studies from eight literature databases as effect sizes, I found evidence 
suggesting that high– quality financial reporting, proactive disclosure of nonfinancial 
information, and disclosure of CSR (Corporate Social Responsibility) and ESG 
(Environmental, Social, and Governance) information improve investment efficiency. In 
contrast, although the results confirm that IFRS (Internal Financial Reporting 
Standards) adoption improves investment efficiency, it is not robust. The findings of 
this study are useful for investors interested in integrated evidence rather than the 
results of numerous individual primary studies. 
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1. Introduction 
This study aims to provide an integrated interpretation of evidence from previous 
studies revealing the impact of information disclosure by firms on investment efficiency 
by adopting a meta–analysis approach. Net Present Value (NPV) is important when 
considering investment efficiency. NPV is the difference between the present discounted 
value of future cash flows from the investment and the amount of investment. The NPV 
method of investment decision–making requires that managers implement investment 
projects that show a positive NPV. Overinvestment is defined as the implementation of 
negative NPV investment projects, and underinvestment is defined as not 
implementing positive investment projects. Both are considered inefficient investments. 
The reason that managers undertake inefficient investments is the information 
asymmetry between managers and external suppliers of capital 1 . Information 
asymmetry can cause moral hazard and adverse selection problems. If this information 
asymmetry becomes more significant, managers may proceed with inefficient 
investments owing to moral hazard and adverse selection problems. 
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  One factor that mitigates the information asymmetry between managers and 
external suppliers of capital is firm information disclosure. Several studies indicate that 
firms’ financial reporting leads to a reduction in information asymmetry (e.g., Leuz and 
Verrecchia, 2000; Bushman and Smith, 2001; Verrecchia, 2001). Furthermore, some 
studies report that proactive disclosure of corporate social responsibility (CSR) 
information is likely to reduce information asymmetry (e.g., Dhaliwal et al., 2011; Cho 
et al., 2013; Krüger, 2015). Based on these studies, information disclosure by firms is 
expected to reduce information asymmetry and improve investment efficiency. In this 
context, many studies on accounting or finance have examined the impact of 
information disclosure by firms on investment efficiency. However, the evidence 
provided in previous studies is inconsistent. In this situation, interpreting the evidence 
from several studies is more important than simply organizing individual primary 
studies. Inefficient investments have negative effects on future performance 2 , so 
investors may decide whether to invest their funds in firms using evidence from 
investment efficiency studies. However, “they are not interested in the individual 
studies provided by academics and are more likely to be interested in evidence that 
integrates several studies” (Asano, 2018, p. 294). Thus, providing new evidence from a 
meta–analysis can be useful for investors. 
  A meta–analysis is “the integration of the results of several studies conducted on the 
same topic using statistical methods, i.e., statistical review” (Yamada and Inoue, 2012, 
p. 1). “The meta–analysis is sometimes referred to as systematic review” (Yamada and 
Inoue, 2012, p. 1). In contrast, the method wherein “reviewers read individual studies 
and summarize their findings” (Yamada and Inoue, 2012, p. 3) is referred to as a 
narrative review. A meta–analysis can provide new evidence that integrates primary 
studies, which is different from narrative review, in the following two situations. First, 
extant individual primary studies have weak statistical power due to small sample sizes 
and generally do not provide results that support the alternative hypothesis. Second, 
several primary studies provide conflicting or competing evidence for a particular 
hypothesis (Asano, 2018, p. 294). Research questions on the impact of information 
disclosure by firms on investment efficiency apply to many of these situations, and 
using a meta–analysis approach is worthwhile. 
  This paper is organized as follows. Section 2 provides a narrative review of previous 
studies examining the impact of information disclosure by firms on investment 
efficiency. Section 3 comprises an overview of methods for quantifying investment 
efficiency. Section 4 formulates the research questions to be identified using a meta–
analysis approach and shows how to collect and evaluate the data. Section 5 reports the 
results of the meta–analysis. Section 6 summarizes the findings and provides the 
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2. Narrative review 
2.1 The impact of information asymmetry on investment efficiency 
  Information asymmetry is “a phenomenon in which necessary information is not 
distributed to all parties to economic transactions, and information is unevenly 
distributed to only a few parties” (Suda, 2000, p. 13). Two problems can be attributed 
to information asymmetry (e.g., Suda, 2000; Cheng et al., 2013). The first is the moral 
hazard problem. This refers to “the fact that entering into a contract changes the 
behavior of the contracting parties and ultimately all parties to the contract suffer 
losses” (Suda, 2000, p. 18). The second problem is the adverse selection, which is when 
“low quality goods dominate the market” (Suda, 2000, p. 15).  
  In neoclassical economic theory, only marginal q can influence firms’ investment 
policies (e.g., Yoshikawa, 1980; Hayashi, 1982; Abel, 1983)3. Basically, firms should 
increase (decrease) their investment when marginal q is above (below) 1. In addition, 
the optimal investment level of firms is determined such that the marginal cost is equal 
to the marginal benefit. However, when information asymmetry exists between 
managers and external suppliers of capital, managers may implement inefficient 
investments. 
  Jensen and Meckling (1976) emphasized the possibility of managers’ overinvestment 
due to moral hazards. As the agency problem between managers and shareholders 
becomes more serious, managers are more likely to implement even value–destroying 
investment projects to enhance their own reputation through increased firm size. This 
motivated overinvestment has been referred to as “empire building” (e.g., Jensen, 1986). 
Stiglitz and Weiss (1981) highlight that the moral hazard problem leads to firms’ 
underinvestment. Information asymmetry raises problems for financial institutions, as 
they become unable to distinguish whether the type of firm they are lending to qualifies 
as “safe” or “risky”. If financing institutions were to lend to firms that qualify as “risky” 
funding would likely be used for less profitable investment projects. Stiglitz and Weiss 
(1981) indicated that financial institutions and other investors are aware of managers’ 
incentives, which results in reduced funding and consequently underinvestment. 
  Contrary to studies that have focused on the moral hazard problem, Myers and Majluf 
(1984) examined the problem of firms’ underinvestment due to adverse selection. 
Managers have relatively greater information advantages than investors. Thus, 
managers can issue securities at a higher price than the actual value of the firm. In 
contrast, investors demand higher premiums for firms because they may buy securities 
at higher prices than they should. Following this, the issuance of shares is a more costly 
funding source than the use of internal funds and debt. Myers and Majluf (1984) 
indicate that if managers prefer internal funding or debt financing to the issuance of 
shares (pecking order theory) and cannot fund their investments with them, they may 
stop implementing them, even if the they positive NPV on their investment project. 
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Therefore, the problem of underinvestment arises in firms with financial constraints. 
 
2.2 Information disclosure and investment efficiency 
2.2.1 Financial reporting quality 
  Information disclosure by firms can reduce information asymmetry. Several studies 
find that high quality financial reporting mitigates information asymmetry that causes 
moral hazard and adverse selection problems (Leuz and Verrecchia, 2000; Bushman 
and Smith, 2001; Verrecchia, 2001). First, high quality financial reporting can improve 
the ability of external suppliers of capital to monitor managers (e.g., Bushman and 
Smith, 2001; Lambert, 2001). This is because external suppliers of capital are more 
likely to use financial reporting information when they monitor managers. Based on 
this, high–quality financial reporting would mitigate the moral hazard problem for 
managers. Second, high–quality financial reporting can mitigate the adverse selection 
problem (e.g., Chang et al. 2009). Investors often use financial reporting information to 
calculate firm value. If Investors can access information based on high–quality financial 
reporting, their calculation of firm value is likely to approximate intrinsic value. Thus, 
the premium on firms for new issuance of shares will likely decrease, which is expected 
to mitigate capital constraints on firms. This will mitigate the underinvestment 
problem. 
Thus, high–quality financial reporting reduces information asymmetry, which can 
consequently improve investment efficiency. Many studies examine the association 
between financial reporting quality and investment efficiency. Biddle et al. (2009) 
examine the impact of financial reporting quality on investment efficiency for US firms. 
Biddle et al. (2009) focused on two proxy variables for financial reporting quality: 
accruals quality (AQ) and transparency of financial reporting. AQ is estimated using 
two methods, one relying on Dechow and Dichev (2002) and the other presented in 
Wysocki (2008), which is modified from Dechow and Dichev’s (2002) model. The 
transparency of financial reporting is estimated using the approach presented in Li 
(2008). Defining the average of these three variables as the proxy variable for financial 
reporting quality, Biddle et al. (2009) found that it improves investment efficiency. 
Other studies that have quantified the quality of financial reporting using the 
methods of Dechow and Dichev (2002) include Chen et al. (2011), Gomariz and Ballesta 
(2014), and Houcine (2017). Chen et al. (2011) provide evidence similar to that of Biddle 
et al. (2009) for 21 countries. Gomariz and Ballesta (2014) report that high–quality 
financial reporting firms are less likely to overinvest in Spanish firms, while 
underinvestment has no significant effect. Houcine (2017) found that firms with higher 
quality financial reporting are less likely to underinvest in Tunisian firms. However, no 
significant effect of financial reporting quality on overinvestment was identified. 
  Some studies focused on discretionary accruals (DA) as the quality of financial 
reporting. Firms with more DA are interpreted as having lower quality of financial 
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Biddle et al. (2009) focused on two proxy variables for financial reporting quality: 
accruals quality (AQ) and transparency of financial reporting. AQ is estimated using 
two methods, one relying on Dechow and Dichev (2002) and the other presented in 
Wysocki (2008), which is modified from Dechow and Dichev’s (2002) model. The 
transparency of financial reporting is estimated using the approach presented in Li 
(2008). Defining the average of these three variables as the proxy variable for financial 
reporting quality, Biddle et al. (2009) found that it improves investment efficiency. 
Other studies that have quantified the quality of financial reporting using the 
methods of Dechow and Dichev (2002) include Chen et al. (2011), Gomariz and Ballesta 
(2014), and Houcine (2017). Chen et al. (2011) provide evidence similar to that of Biddle 
et al. (2009) for 21 countries. Gomariz and Ballesta (2014) report that high–quality 
financial reporting firms are less likely to overinvest in Spanish firms, while 
underinvestment has no significant effect. Houcine (2017) found that firms with higher 
quality financial reporting are less likely to underinvest in Tunisian firms. However, no 
significant effect of financial reporting quality on overinvestment was identified. 
  Some studies focused on discretionary accruals (DA) as the quality of financial 
reporting. Firms with more DA are interpreted as having lower quality of financial 
reporting. Ota (2017) uses Kasznik’s (1999) method to estimate DA and shows that even 
among Japanese firms, firms with higher quality financial reporting are relatively more 
efficient in their investments. Linhares et al. (2018) estimate DA based on the model of 
Dechow et al. (1995) and found that investment efficiency improves with lower DA for 
Brazilian firms4. Lara et al. (2016) focused on accounting conservatism as a proxy 
variable for financial reporting quality. They estimated the degree of conservatism from 
the study by Khan and Watts (2009) and found that greater degrees of conservatism are 
associated with more efficient investments. 
 
2.2.2 Information disclosure other than financial information 
  Lai et al. (2014) examined the impact of the level of firm disclosure on investment 
efficiency. The level of firm disclosure is based on the information disclosure and 
transparency rankings system developed by the Taiwan Securities and Futures 
Institute (TSFI). Moreover, they reported that investment efficiency improves for firms 
with higher levels of information disclosure for Taiwanese firms. 
Some studies focused on nonfinancial information disclosure rather than financial 
information. This is because nonfinancial information, in addition to financial 
information, is also expected to lead to a reduction in information asymmetry. Bryan 
(1997) reported that information about future operations and capital investment plans 
is significantly related to short–term performance. This finding suggests that such 
information can be useful to investors in predicting firms’ short–term performance. 
Schleicher and Walker (1999) provided evidence to suggest that firms that disclose 
detailed information about their business and financing in the future through annual 
reports are better able to predict future earnings changes. As these studies highlight, if 
nonfinancial information is useful in predicting future performance, then information 
asymmetry between firms and investors is likely to be reduced. 
  Tan et al. (2015) examine the impact of the level of voluntary disclosure of 
nonfinancial information about future performance on investment efficiency based on 
Cheng et al.’s (2012) approach for Chinese firms. The results of their analyses provide 
evidence suggesting that concerns about the underinvestment problem are mitigated in 
firms with higher levels of voluntary disclosure of nonfinancial information. In contrast, 
they also confirm results that are inconsistent with the expectation that voluntary 
disclosure of nonfinancial information induces overinvestment5. 
  Some studies examine the association between information disclosure about risk and 
investment efficiency. The reason for focusing on information disclosure on risk is that 
previous studies indicate that it can reduce information asymmetry (e.g., Campbell et 
al. 2014; Hope et al. 2016). Elmy et al. (1998) and Roulstone (1999) indicate that 
information disclosure on risk increases the transparency of information. Eng and Mak 
(2003) show that risk information is useful for predicting future performance. In 
contrast, Kravet and Mulsu (2013) found that risk information is difficult to quantify; 
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therefore, increasing risk information will only lead to more uncertainty for investors. 
Al–Hadi et al. (2017) examine the impact of the level of risk disclosure on investment 
efficiency for firms in six Arabic countries. Their analysis showed that firms with higher 
levels of risk–related information disclosure are more efficient in their investments. 
Chiu et al. (2019) also provide similar evidence for US firms. Li et al. (2019) found that 
firms with higher levels of risk disclosure for Chinese firms are less likely to overinvest. 
However, they found no evidence to support that risk information contributes to the 
mitigation of the underinvestment problem. 
 
2.2.3 Information disclosure on CSR and ESG 
  Several studies have indicated that proactive firm CSR reduces information 
asymmetry (e.g., Dhaliwal et al. 2011; Cho et al. 2013; Krüger, 2015). First, information 
disclosure on a firm’s CSR can enhance the monitoring ability of external stakeholders 
(e.g., Deng et al. 2013). Second, firms more active in CSR can improve their reputations 
and consequently mitigate the adverse selection problem (e.g., Cui, et al., 2016; Rim et 
al., 2016; Dell’Atti et al., 2017; Gavana et al., 2017). El Ghoul et al. (2011) find that 
equity financing is cheaper for firms more active in CSR. 
Several studies examined the relationship between firms’ disclosure of CSR 
information and investment efficiency under the assumption that CSR leads to less 
information asymmetry. Samet and Jarboui (2017) show that firms more proactive in 
CSR information disclosure tend to be more efficient in their investments6. Zhong and 
Gao (2018) found that firms that proactively disclose information about CSR are less 
likely to overinvest. However, the association between CSR and underinvestment is not 
significant. 
  Some studies focused on environmental, social, and governance (ESG) information 
disclosure, while others provided evidence to suggest that information disclosure on 
ESG, as well as CSR, also leads to less information asymmetry (e.g., Galbreath, 2013; 
Yu et al., 2018)7. Based on this evidence, Hammami and Zadeh (2020) find that firms 
more proactive in ESG disclosure are more likely to mitigate the underinvestment 
problem. However, no evidence currently supports that information disclosure on ESG 
leads to less overinvestment. 
 
2.2.4 Improved comparability through the IFRS adoption 
  Several previous studies have provided evidence suggesting that the adoption of 
International Financial Reporting Standards (IFRS) improves the comparability of 
information (e.g., Li, 2010; DeFond et al. 2011; Barth et al. 2012; Yip and Young 2012; 
Horton et al. 2013). Comparability has been identified by the conceptual statement of 
the Financial Accounting Standards Board (FASB) as one of the qualitative 
characteristics that financial information should have. Therefore, comparability is 
considered the qualitative characteristic that enables users of financial information to 
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  Some studies focused on environmental, social, and governance (ESG) information 
disclosure, while others provided evidence to suggest that information disclosure on 
ESG, as well as CSR, also leads to less information asymmetry (e.g., Galbreath, 2013; 
Yu et al., 2018)7. Based on this evidence, Hammami and Zadeh (2020) find that firms 
more proactive in ESG disclosure are more likely to mitigate the underinvestment 
problem. However, no evidence currently supports that information disclosure on ESG 
leads to less overinvestment. 
 
2.2.4 Improved comparability through the IFRS adoption 
  Several previous studies have provided evidence suggesting that the adoption of 
International Financial Reporting Standards (IFRS) improves the comparability of 
information (e.g., Li, 2010; DeFond et al. 2011; Barth et al. 2012; Yip and Young 2012; 
Horton et al. 2013). Comparability has been identified by the conceptual statement of 
the Financial Accounting Standards Board (FASB) as one of the qualitative 
characteristics that financial information should have. Therefore, comparability is 
considered the qualitative characteristic that enables users of financial information to 
recognize the similarities and differences between two sets of economic phenomena. 
  Some studies examine the impact of IFRS adoption on investment efficiency, noting 
that improved comparability through IFRS adoption can lead to a reduction in 
information asymmetry. Chen et al. (2013) focus on the year of mandatory IFRS 
adoption in European countries and provide evidence that investment efficiency 
improves after mandatory IFRS adoption. Gao and Sidhu (2018) examine the 
association between mandatory IFRS adoption and investment efficiency for 40 
countries around the world and find evidence similar to that of Chen et al. (2013). In 
contrast, Hou et al. (2016) report that the likelihood of inefficient investment in Chinese 
firms increases after mandatory IFRS adoption. 
 
3. Quantifying investment efficiency 
  Studies examining the association between information disclosure and investment 
efficiency, reviewed in the previous section, quantify investment efficiency based on the 
difference between expected and actual investment 8 . Overinvestment 
(underinvestment) is larger (less) than the expected investment. Several previous 
studies have provided methods for estimating expected investment. The method used 
in most studies is provided by Biddle et al. (2009). Biddle et al. (2009) attempt to 
estimate the expected investment of a firm using the following equation9. 
 
I��� � �� � ��SalesGrowth� � ����       		 			             				���  
 
  Here, I is firm investment, which typically includes capital investment and R&D 
investment. The definition of I varies according to previous studies. SalesGrowth is the 
sales growth. Biddle et al. (2009) use panel data to estimate equation (1) year–by–year 
and then define the investment efficiency from the residuals (ε) obtained. Thus, the 
residuals being positive (negative) is equivalent to overinvestment (underinvestment)10. 
  Richardson (2006) also provides a model for estimating the expected investment. 
First, Richardson (2006) distinguishes the total investment (Itotal) of firms into two 
categories: investment in new projects (Inew) and investment in maintaining facilities 
(Imaintain). Next, Richardson (2006) further identifies Inew into two types: expected 
(Iexpected) and unexpected investment (Iunexpected). The model for estimating this 
unexpected investment is shown in equation (2) below. 
 
I����� � �� � �� V���P��� � ��Leverage��� � ��Cash��� � ��Age��� � ��Size��� � ��StockReturn��� 
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  V/P is the variable for investment opportunities and is the value of the firm (V) 
divided by its market value of equity (P). The other variables are leverage (Leverage), 
cash (Cash), firm age (Age), firm size (Size), stock return (StockReturn), and year and 
industry dummies (Year&Industry dummies). The residual (ε) in equation (2) 
represents unexpected investment in new investment projects. Similar to Biddle et al. 
(2009), this residual represents investment efficiency. Thus, if the residual (ε) is 
positive (negative), it means that the firm implements overinvestment 
(underinvestment). 
  Finally, I present the model of McNichols and Stubben (2008). This model focuses on 
Tobin’s q. As highlighted in the previous section, neoclassical economic theory shows 
that marginal q is the only driver that influences firm investment (e.g., Yoshikawa, 
1980; Hayashi, 1982; Abel, 1983). The model of McNichols and Stubben (2008) is 
expressed in equation (3) below. 
 
I� � �� � ��Q��� � ��Q_Qrt2��� � ��Q_Qrt3��� � ��Q_Qrt4��� � ��CF� � ��Growth��� 
			���I��� � ��														                        													�3� 
 
  Q is a proxy for Tobin’s q and is calculated by dividing market capitalization by the 
book value of equity. Q_Qrt2 (Q_Qrt3, Q_Qrt4) is a dummy variable of 1 if Q belongs to 
the second quartile (third and fourth quartiles) in industry and year and zero otherwise. 
CF is cash flow, and Growth is firm size. The focus is still on the residuals. As in 
previous models, investment efficiency can be captured from the residuals. 
 
4. Formulation of research questions and methods for data collection and 
evaluation 
  This study performs a meta-analysis of four procedures of the five–step model 
presented by Cooper (1982): (1) formulation of the research questions, (2) collection of 
the data, (3) evaluation of the data, and (4) analysis and interpretation11. This section 
describes procedures from steps (1) to (3), and the fourth procedure, “analysis and 
interpretation” is described in the next section. 
 
4.1 Formulation of the research questions 
  This study examines the impact of the four factors reviewed in Section 2 (financial 
reporting quality, nonfinancial disclosure, CSR and ESG disclosures, and the IFRS 
adoption) on investment efficiency. Thus, the research questions are as follows: 
 
RQ1: Does high–quality financial reporting improve investment efficiency? 
 
RQ2: Does proactive disclosure of nonfinancial information improve investment 
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interpretation” is described in the next section. 
 
4.1 Formulation of the research questions 
  This study examines the impact of the four factors reviewed in Section 2 (financial 
reporting quality, nonfinancial disclosure, CSR and ESG disclosures, and the IFRS 
adoption) on investment efficiency. Thus, the research questions are as follows: 
 
RQ1: Does high–quality financial reporting improve investment efficiency? 
 
RQ2: Does proactive disclosure of nonfinancial information improve investment 
efficiency? 
 
RQ3: Does proactive disclosure of CSR and ESG information improve investment 
efficiency? 
 
RQ4: Does the IFRS adoption improve investment efficiency? 
 
 
Table 1 Number of primary studies obtained from literature databases 
ScienceDirect JSTOR Springer Link Emerald
236 104 26 34
Taylor and Francis Wiley Proquest CiNii Total Amount
105 138 428 16 1,087
 
The collection of primary studies in the literature databases was conducted by title search. The keywords 
“investment efficiency” is used for the foreign primary studies and “Toushi no Kouritsusei” is used for 
Japanese primary studies. Note that this table is my own creation (the following tables are the same). 
 
4.2 Collection of the data 
  This study includes primary studies from the eight literature databases available to 
the author. Seven of the eight literature databases (ScienceDirect, JSTOR, Springer 
Link, Emerald, Taylor and Francis, Wiley, and Proquest) were used to collect foreign 
primary studies. The other is CiNii, which is used to collect primary studies from 
Japan12. The collection of primary studies was performed by searching for titles in each 
literature database. The title of the primary foreign (Japanese) studies is “investment 
efficiency (Toushi no Kouritusei)”. Table 1 shows the number of papers collected from 
each literature database. Table 1 reveals that 1,071 foreign and 16 Japanese primary 
studies (1,087 in all) were extracted13. 
 
4.3 Evaluation of the data 
  There are two requirements for selecting samples of primary studies from the 
literature database for meta–analysis. First, the association between the four factors 
(financial reporting quality, nonfinancial disclosure, CSR and ESG disclosures, and the 
IFRS adoption) and investment efficiency must be quantitatively tested14. Second, 
investment efficiency must be quantified using the three methods (Biddle et al., 2009; 
Richardson, 2006; McNichols and Stubben, 2008) presented in the previous section15. 
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Tables 2–5 list the primary studies used in the meta–analysis. For example, Table 2 
lists 29 primary studies that examine the association between financial reporting 
quality and investment efficiency16. The two most common countries for research are 
the US and China. The method of Biddle et al. (2009) is presently the most commonly 
used to quantify investment efficiency. 
 
4.4 Effect size 
  The characteristic of the meta–analysis is that the results of individual primary 
studies are combined using the effect size. The effect size was defined as the magnitude 
of impact of the primary studies. The effect size is often based on (1) standardized mean 
differences, (2) odds ratios, and (3) correlation coefficients17. This study focuses on the 
correlation coefficients between these effect sizes. However, many of the primary 
studies in this paper do not explicitly indicate the results of the correlation coefficients 
in their papers. Therefore, in this study, I calculated the correlation coefficient r from 
the test statistic t and sample size n in the main results (regression analysis) using the 
following equation: 
 
� � �� t
�
t� � � � �                               ��� 
 
In this study, I combined the correlation coefficients of each primary study obtained 
from equation (4) with Fisher’s Z–transformation18. Note that in combining effect sizes, 
either the fixed–effects model or the random–effects model is chosen based on the 
assumptions about the effect size. The fixed–effects model should be used if several 
studies are assumed to be performed on different samples selected from the same 
population and using the same procedures. In contrast, the random–effects model 
should be used if the populations of each study are different and variation in data 
collection procedures among the studies exists. In this study, I used both fixed– and 
random–effects models to combine the correlation coefficients19. 
The method of combining the correlation coefficients by the fixed–effects model is 
based on equation (5) (Haebara, 2014, p. 206): 
 
� � ∑ w�Z�
����
∑ w�����
	                               			��� 
 
  Here, ζ is the Z–transformed value of the combined correlation coefficients of each 
study, wi is the variance of Z in study i, and k is the sample size. 
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  υi* is defined as the sum of the variance τ2, which reflects the differences between 
studies, and the variance υi, which reflects the sample variation of individual studies20. 
Note that τ2 is expressed by equation (8) below (Haebara, 2014, p. 209). 
 
τ� � ∑ w��Z� � ��
����� � �� � 1�









5. Results of the meta–analysis 
5.1 Test statistic t and the correlation coefficients in the primary studies 
  Tables 6–9 show the correlation coefficients calculated from equation (4) using the 
test statistic t and sample size in the primary studies21. Moreover, the upper and lower 
limits of the 95% confidence intervals of the correlation coefficients are also explicitly 
shown together. Here, the confidence interval is an indication of how reliable the sample 
effect size is as an estimate. Because the effect size obtained from the sample is an 
estimate of the population effect size and must include the sample error, simply 
reporting the sample effect size value as a result does not reveal the sample error. 
Confidence intervals of 95% are the intervals estimated to include the population with 
that probability. 
  Table 6 shows that many studies have negative correlation coefficients. This result 
suggests that high–quality financial reporting discourages the implementation of both 
overinvestment and underinvestment. However, the results for 95% confidence 
intervals show that, in several studies, the upper limits of the confidence intervals are 
above zero. For example, six of the 29 primary studies on overinvestment (numbers 3, 
10, 13, 14, 18, and 23) correspond to this. This indicates that the correlation coefficients 
of the studies are not significant in a two–tailed test at the 5% level. Studies on 
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shown together. Here, the confidence interval is an indication of how reliable the sample 
effect size is as an estimate. Because the effect size obtained from the sample is an 
estimate of the population effect size and must include the sample error, simply 
reporting the sample effect size value as a result does not reveal the sample error. 
Confidence intervals of 95% are the intervals estimated to include the population with 
that probability. 
  Table 6 shows that many studies have negative correlation coefficients. This result 
suggests that high–quality financial reporting discourages the implementation of both 
overinvestment and underinvestment. However, the results for 95% confidence 
intervals show that, in several studies, the upper limits of the confidence intervals are 
above zero. For example, six of the 29 primary studies on overinvestment (numbers 3, 
10, 13, 14, 18, and 23) correspond to this. This indicates that the correlation coefficients 
of the studies are not significant in a two–tailed test at the 5% level. Studies on 
underinvestment show that the upper limits of 95% confidence intervals are above zero 
in ten of the 29% primary studies. Thus, the results of the primary studies examining 
the relationship between financial reporting quality and investment efficiency alone do 
not necessarily imply that they are negatively associated. 
  Table 7 clearly shows that many primary studies have negative correlation 
coefficients, but there are a few studies with the upper limits of their confidence 
intervals above zero. Some studies have significantly positive correlation coefficients 
with respect to overinvestment (numbers 7 and 8). In light of the results of previous 
studies, it is unclear whether disclosure of nonfinancial information reduces 
overinvestment. All the correlation coefficients of the primary studies on 
overinvestment in Table 8 are negative, but more than half are not significant at the 
5% level. This result suggests that CSR and ESG information disclosure does not 
necessarily lead to less overinvestment. Table 9 shows that there is only one primary 
study with a significantly negative correlation coefficient (number 2). This result 
suggests that mandatory IFRS adoption is unlikely to lead to improved investment 
efficiency. 
 
5.2 Results of the meta–analysis by combining the correlation coefficients 
  Table 10 reports the results of the meta–analysis by combining the correlation 
coefficients of the primary studies provided in Tables 6–9. The combination of the 
correlation coefficients uses the fixed–effects model (equation (5)) and the random–
effects model (equation (6)). Panel A provides the results combining the correlation 
coefficients of the primary studies examining the association between financial 
reporting quality and investment efficiency. In Panel A, the combined correlation 
coefficients were significantly negative for both the fixed– and random–effects models. 
This result indicates that firms with higher quality financial reporting are less likely 
to make inefficient investments. High–quality financial reporting is expected to 
improve investment efficiency by reducing information asymmetry. 
In addition, Table 10 showed the results for the number of fail–safes. Here, the fail–
safe number indicates how many more studies with no effect would prevent the null 
hypothesis, which has zero effect size, from being rejected. The smaller the fail–safe 
number, the more likely the existence of fewer studies will change the results of the 
meta–analysis, which raises the suspicion of publication bias (Rosenthal, 1979) 22 . 
Currently, there are approximately 8,275 (5,174) fail–safes in primary studies 
examining the association between financial reporting quality and overinvestment 
(underinvestment) as in Panel A. This means that if there are 8,275 (5,174) more 
studies that show that financial reporting quality does not affect overinvestment 
(underinvestment), the results of the aforementioned meta–analysis would change. 
Given these findings, publication bias is not a significant concern with respect to 
financial reporting quality and investment efficiency. 
  Panel B provides the results of the meta–analysis on primary studies examining the 
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association between nonfinancial disclosure and investment efficiency. The combined 
correlation coefficients are significantly negative for both overinvestment and 
underinvestment in the fixed–effects model. However, the results of the random–effects 
model show that the upper limit of the confidence interval is above zero when focusing 
on overinvestment, and the combined correlation coefficient is not significant at the 5% 
level. The moral hazard problem can contribute to overinvestment by managers, but 
increased monitoring to managers is important to mitigate this problem. Proactive 
disclosure of nonfinancial information as well as financial information may lead to 
improved monitoring by stakeholders. However, this expectation is not necessarily 
supported, at least in light of the findings of the meta–analysis in this study. 
  In Panel C, the combined correlation coefficients are significantly negative for both 
the fixed– and random–effects models. This result indicates that disclosure of CSR and 
ESG information improves investment efficiency by reducing information asymmetry. 
However, it is important to note that the number of fail–safes in Panel C is relatively 
lower than that in Panels A and B. Both CSR and ESG have been attracting a lot of 
attention in recent years, and the importance of information disclosure is widely 
recognized. Under such circumstances, even if CSR– and ESG–related information 
disclosure does not result in improved investment efficiency, the results may not be 
made public. More evidence on this subject would be required in future research. 
  Panel D provides combined correlation coefficients of the primary studies examining 
the association between IFRS adoption and investment efficiency and reveals that the 
correlation coefficients combined in the fixed–effects model are significantly negative, 
while those combined in the random–effects model are not significant. Furthermore, 
the number of fail–safes related to the primary studies examining the association 
between IFRS adoption and overinvestment was found to be about 16, which is the 
lowest number listed in Table 10. Given these results, it can be argued that IFRS 
adoption does not necessarily lead to improved investment efficiency. 
 
6. Conclusion 
  The study aimed to provide an integrated interpretation of evidence from studies 
examining the impact of firms’ information disclosure on investment efficiency using a 
meta–analysis approach. This study focused on (1) financial reporting quality, (2) 
disclosure of nonfinancial information, (3) disclosure of CSR and ESG information, and 
(4) the IFRS adoption as the factors affecting investment efficiency. The meta–analysis 
of 1,087 primary studies obtained from eight literature databases, using the correlation 
coefficients (calculated using the test statistic t and sample size) of studies examining 
the relationship between investment efficiency and the four factors that influence it as 
effect sizes, revealed the following. 
  First, firms with high–quality financial reporting are demonstrated to be more 
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the association between IFRS adoption and investment efficiency and reveals that the 
correlation coefficients combined in the fixed–effects model are significantly negative, 
while those combined in the random–effects model are not significant. Furthermore, 
the number of fail–safes related to the primary studies examining the association 
between IFRS adoption and overinvestment was found to be about 16, which is the 
lowest number listed in Table 10. Given these results, it can be argued that IFRS 
adoption does not necessarily lead to improved investment efficiency. 
 
6. Conclusion 
  The study aimed to provide an integrated interpretation of evidence from studies 
examining the impact of firms’ information disclosure on investment efficiency using a 
meta–analysis approach. This study focused on (1) financial reporting quality, (2) 
disclosure of nonfinancial information, (3) disclosure of CSR and ESG information, and 
(4) the IFRS adoption as the factors affecting investment efficiency. The meta–analysis 
of 1,087 primary studies obtained from eight literature databases, using the correlation 
coefficients (calculated using the test statistic t and sample size) of studies examining 
the relationship between investment efficiency and the four factors that influence it as 
effect sizes, revealed the following. 
  First, firms with high–quality financial reporting are demonstrated to be more 
efficient with their investments. High–quality financial reporting may contribute to 
improved investment efficiency through the mitigation of moral hazard and adverse 
selection problems caused by information asymmetry. The concern of publication bias 
on the subject is also found to be relatively small. 
  Second, disclosure of nonfinancial information clearly led to the mitigation of the 
underinvestment problem. In contrast, the result that disclosure of nonfinancial 
information reduces overinvestment is observed when using the fixed–effects model but 
not when using the random–effects model. Recently, disclosure of nonfinancial 
information and financial information has become more important, but carefully 
discussing whether this will lead to an enhanced monitoring function is necessary to 
mitigate the moral hazard problem that can cause overinvestment. 
  Third, information disclosure on CSR and ESG was shown to improve investment 
efficiency. In addition to high–quality financial reporting, proactive disclosure of CSR 
and ESG information is likely to lead to a reduction in information asymmetry, 
suggesting that it improves investment efficiency. However, there is a strong concern 
about publication bias on this subject. Thus, developing future studies to gather 
evidence on the association between CSR and ESG information disclosure and 
investment efficiency is important. 
  Finally, although the results confirmed that IFRS adoption improves investment 
efficiency, it is not robust. Moreover, a strong concern about publication bias on this 
subject exists. Since few studies have focused on the relationship between IFRS 
adoption and investment efficiency, future research must conduct a detailed analysis 
highlighting this association. 
  The findings of the meta–analysis in this study can be useful to investors interested 
in firms’ future performance because inefficient investments are likely to cause poor 
future performance. However, studies examining the association between firm 
information disclosure and investment efficiency are numerous, and the evidence from 
them is inconsistent. Therefore, investors are likely to be interested in integrated 
evidence based on the meta–analysis approach rather than the findings of individual 
studies. 
  If investors strongly request integrated evidence, researchers should anticipate that 
their studies may be used for future meta–analyses and ensure that the information 
necessary for conducting the meta–analysis is in their papers. In particular, the results 
of correlation coefficients should be made explicit in addition to descriptive statistics 
such as mean and standard deviation. Given that many of the studies used in this 
study’s meta–analysis do not include the results of the correlation coefficients, this 
point deserves future consideration. 
  Finally, I would like to discuss some future research issues. First, since only a few 
studies on the relationship between information disclosure and investment efficiency 
for Japanese firms exist, conducting replication studies on this subject is necessary. To 
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the best of my knowledge, no study on the relationship between disclosure of 
nonfinancial information exists, disclosure of CSR and ESG information, and the IFRS 
adoption and investment efficiency for Japanese firms. New evidence will hopefully 
help clarify the impact of firms’ information disclosure on investment efficiency. 
  Second, the findings of the meta–analysis in this study depend on the accuracy of 
measures to quantify investment efficiency. Although many previous studies have used 
the methods discussed in Section 3 of this paper, no studies have confirmed the accuracy 
of the estimates. More sophisticated methods may be presented in the future, which 
may negate the evidence to date. Finally, a wide range of factors affect investment 
efficiency. While this study focused on firms’ information disclosure, many other factors 
have been examined on investment efficiency23. Specifically, studies indicate that good 
corporate governance improves investment efficiency, focusing on the impact of 
corporate governance on managers’ monitoring function24 . Thus, one challenge for 
future research would be to conduct a meta–analysis on this subject. 
Appendix 
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Notes 
1 Shareholders, investors and creditors are classified as “external suppliers of capital”. 
2 See Titman et al. (2004) and Ota (2018) for more on this point. 
3 Following Tobin (1969), the increase in firm value at the time of a one–unit increase in capital relative 
to the reacquisition price of capital is termed marginal q. 
4 DA is also used in these studies. Chen et al. (2011) estimate DA from the method of Kothari et al. (2005). 
Gomariz and Ballesta (2014) as well as Ota (2017) estimate DA using Kasznik’s (1999) approach. 
5 Tan and Liu (2017) also reported similar results. 
6 Shahzad et al. (2018) and Cook et al. (2019) provide similar evidence. 
7 Sharfman and Fernando (2008) show that improved environmental risk management is associated with 
a lower cost of capital. 
8 Detailed comprehensive review on quantifying investment efficiency is provided in Gao and Yu (2020). 
9 Chen et al. (2011) modified the model of Biddle et al. (2009) by adding a dummy variable to equation (1) 
that represents one if sales growth is negative and zero if otherwise. 
10 Biddle et al. (2009) define the top (bottom) quartile of the absolute value of the residuals as firms that 
overinvest (underinvest). In addition to using equation (1), Biddle et al. (2009) also used a method to 
identify over– and underinvested firms from the leverage and cash balance (Myers, 1977; Jensen, 1986) 
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9 Chen et al. (2011) modified the model of Biddle et al. (2009) by adding a dummy variable to equation (1) 
that represents one if sales growth is negative and zero if otherwise. 
10 Biddle et al. (2009) define the top (bottom) quartile of the absolute value of the residuals as firms that 
overinvest (underinvest). In addition to using equation (1), Biddle et al. (2009) also used a method to 
identify over– and underinvested firms from the leverage and cash balance (Myers, 1977; Jensen, 1986) 
in their analysis. 
 
 
11 The other procedure is the publication of the results. 
12 The last day of access to the respective literature databases is July 31, 2020. 
13 When performing the meta–analysis, whether the working paper should be included as data in the 
analysis is not clear. In this study, given the criticism (e.g., apples and oranges problem and garbage in, 
garbage out problem (Eysenck, 1978)) of the inclusion of non–peer–reviewed papers in the data, I have 
decided not to include working papers in the data for the analysis. 
14 Therefore, analytical studies are not included in the sample (e.g., Nan and Wen, 2014). 
15 Following this requirement, studies focusing on “labor investment efficiency” cannot be included in this 
paper’s sample (e.g., Jung et al., 2014; Ha and Feng, 2018; Yun and Mo, 2020). 
16 If there are multiple proxy variables for factors affecting investment efficiency used in the same study, 
I treat them as a distinct sample. However, I prioritize the proxy variable for financial reporting quality 
that is averaged across multiple methods. 
17 Some studies perform the meta–analysis by combining p–value, although not effect sizes (e.g., Asano, 
2018; Ota, 2019). 
18 This is called the Pearson’s product–moment correlation coefficient. 
19 The influence of the degree of accuracy of the measurement of variables used in primary studies on the 
effect size is called the artifact. There are studies that modify the artifact in combining effect sizes. In 
this paper, however, I do not modify the artifact. This is an issue for future research. 
20 This is the variance in the fixed–effects model. 
21 The test statistic t in the primary studies is taken from the results of the main regression analysis in 
the papers. The sign of the test statistic t in all primary studies is set as negative if it indicates that 
firms with high–quality financial reporting (i.e., those that actively disclose nonfinancial information, 
those that are more active in disclosing information about CSR and ESG, and those that adopt IFRS) 
are less likely to over– or underinvest. 
22 If the sample for the meta–analysis is only the studies that have been published, the likelihood of 
estimating a higher effect increases. This is because studies that did not show an effect are often not 
published. The fail–safe numbers have been used in many studies to counter publication bias. However, 
the assumption that the average effect size of unpublished studies is zero has been criticized as arbitrary, 
and the trim–and–fill method is generally used (Duval and Tweedie, 2000). 
23 For example, the impact of the tax avoidance (Bailing and Rui, 2018; Khurana et al., 2018), corporate 
culture (Zhang et al., 2016), investor sentiment (Huang et al., 2016; Zhu et al. 2016), supply network 
position (Jinyan et al., 2020), corporate philanthropy (Chen et al., 2018),cross–listing (Abdallah and 
Abdallah, 2019), green financial development (He et al., 2019), audit quality (Chen et al. 2011; Bae et al., 
2017), and analysts (Chen et al., 2017) on investment efficiency has been examined. 
24 Previous studies have focused on shares held by major shareholders (Xie and Li, 2018), corporate groups 
(Lee et al., 2017; Tan et al., 2018; Lei and Chen, 2019; Lin and Yeh, 2020), characteristics of top 
management (Lai and Liu, 2018; Lina, 2019), institutional investor monitoring (Ward et al., 2020), 
outside directors (Felix, 2018), female directors (Shin et al., 2020), and family ownership (Gao et al., 
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